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Introduction

« We have formulated a plan with precise timeline and
milestones, to establish 700 KW operations.

« The plan includes all the hardware and operational
prerequisites needed to achieve the milestones from both the
MI and the Proton Source Departments.

« We are having regular and frequent communications with the
Proton Source Department to ensure that the requirements
from the Proton source are well understood and are on time.

« This plan is a living document updated each time a milestone
IS achieved or delayed with reporting at the Proton PMG.
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Schedule for milestones to reach 700 KW

Feb Mar Apr Jun
* Q 350kW 2+6, 3.2E12ppb 6Hz

*Q 460kW 2+6, 4.3E12ppb 6Hz

7 ¢

May

A
v

X

‘ Booster 17th cavity
* Booster longitudinal dampers

2016

Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May

Hr 460kW demonstrate 4+6, 3.4E12ppb 7.5Hz

@ Booster 15 Hz capable
shutdown f
‘s Booster 18th cavity
‘ 4 Booster 19th cavity
%’ 460kW 4+6, 3.4E12ppb 7.5Hz
@ Booster anodes

’] Booster shielding assessment

(@ 575K 4+6, 4.3E12ppb 7.5Hz
4 Booster 20th cavity
. Booster bias supplies
»4p 575KW 646, 3.6E12ppb 9Hz
4 700kW 646, 4.3E12ppb 9Hz
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Booster beam parameters required for Recycler SS

o
o
_ o

« Currently the beam from Booster meets the requirements
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Roadmap to 700 KW* (FY2015)

* Provide 460 KW with 2+6 operation-March 2015

5

Switch to 2+6 Operation-March. 2015 (same power 350 KW)

— Main Injector Department
* Optimize slip stacking in RR
« Commission Ml collimators
— Proton Source Department

DONE

» Reliable 6 Hz operation with 3.2E12ppb and proper dp/p

— Main Injector Department
 Minimize losses

— Proton Source Department

DONE

» Reliable 6 Hz operation with 4.3E12ppb and proper dp/p

» At least 17 RF stations operational

*NuMl only operation
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FY2015 cont.

 Demonstrate 4+6 operation by achieving 460 KW operation
for at least one hour.-May 2015
— Main Injector Department
« Establish 4+6 operation with 3.4E12 ppb and good efficiency.
« Work on reducing Recycler losses.
— Proton Source Department

« 7.5 Hz operation with 3.4E12ppb and proper dp/p
— 17 RF stations capable of 15 Hz operation

Achieved on July 15t 2015 (521KW for 1hr!)
Delayed because of Booster RF cavity failures
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Current high power operation (2+6)

« On March 5th we switched to 2+6 operation, delivering ~420
KW of beam power.
— 483 KW new MI Beam Power record (running without SY120)
— This has been our standard operating mode till the summer

shutdown.

« We have achieved our official goal of delivering 400KW
for at least one week of at least 100 hours during this
year.
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2+6 operation Beam Power
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Power reduction
because of NuMI horn
problems.
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Machine efficiencies (2+6)
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RR and Ml losses (2+6)
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Protons per Hour and Peak power to NuMI

Average Protons/Hour to NuMI Peak Power (Hour) to NuMI 520.5 kW
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FY15 NuMI Performance
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4+6 Operation

* On July 1st 2015 we switched to 4+6 operation for about two
hours.

« We were able to achieve 521 KW beam power for 1 hour.
— The injected beam intensity was 3.9E12p/batch.
— Large beam losses but with only minimal beam tuning.
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4+6 BEAM POWER
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Machine efficiencies (4+6)
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Recycler losses (4+6)
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Replaced RR beam pipes

* Recycler beam pipe in the above locations was
found not to be straight with extra bad welds.

* We are replacing the beam pipe at 429 this
week.

Main Injector beam pipe

Recycler beam pipe
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Picture of the removed RR pipe at 425
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6+6 operation

« On July 2@ 2015 we established for the first time 6+6 slip
stacking operation and sent beam to the NuMI target for
about 2 hours.

— Low power operation ~280KW
— Mostly done to help Booster run 15 Hz with beam.

6+6 Recycler Beam

2% Fermilab
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FY2016(1)

e Switch to 4+6 operation with 460 KW-October 2016*

— Main Injector Department
« Commission 4+6 operation with 3.4E12ppb and 95% efficiency.

— Proton Source Department

* Reliable 7.5 Hz operation with 3.4E12ppb and proper dp/p.
— 18 Re-furbished RF stations installed (Reliability and Efficiency)

— East and West Anode supplies completed (Reliability; Required for
adding more stations)

*Assumes shutdown ends on October 4th
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FY16(2)

 Achieve 575 KW with 4+6 operation-November 2016

— Main Injector Department
« Commission 4+6 operation with 4.3E12ppb and 95% efficiency

— Proton Source Department

* Reliable 7.5 Hz operation with 4.3 E12 ppb

— 19 Re-furbished Booster RF stations installed(increased reliability and
efficiency)

— Booster longitudinal dampers operational(required for damping of
coupled bunch instabilities)
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FY16(3)

o Switch to 6+6 operation (same power 575 KW)-Jan . 2016

— Main Injector Department
« Commission 6+6 operation with 3.6E12 ppb and 95% efficiency

— Proton Source Department

» Reliable 9 Hz operation

— 20 re-furbished RF stations installed (Reliability and increased
efficiency)

* Provide 3.6E12 ppb with the proper longitudinal emittance and
dp/p.
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FY16 (4)

 Achieve 700 KW with 6+6 operation-Feb. 2016*

— Main Injector Department

« Commission 6+6 operation with 4.3E12ppb and 95% efficiency
— Proton Source Department

» Reliable 9 Hz operation

* Provide 4.3E12 ppb with the proper longitudinal emittance and
dp/p

*Recycler collimators may be required before we can run reliably at
700KW

We are working on a Recycler collimator design. Plan to install a primary collimator
and at least a couple of secondary collimators next shutdown.
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Beam Power vs Time
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Conclusions

 We have developed a detailed plan to achieve 700-KW beam
power to the NuMI target.
— Includes requirements for both the MI/RR and the Proton Source.
— Active document; updated each time we achieve or fail to achieve a
milestone.
 We have already achieved the first 3 milestones and have
delivered a record beam power of 521 KW to the NuMI target.

« We see no show stoppers achieving 700-KW to the NuMI
target in FY16.
— Continuing to address RR aperture problems and improving losses.

— We are developing a Recycler collimation plan in order to be able to
run reliably at 700KW.
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EXTRA SLIDES
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2+6 mountain Range

2 Double and 4 Single batches
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Booster emittances
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4+6 Losses

Eut

E3 Beam36. 5796.,4 oi-oui-zeis 1411z |

RR LOSSES 9

(St et o QLT o 0 T 00T S0t L 0 P 00T O o L T, 00T SRt QT o L) Do, 00T S0 ot O 0 o LD o, 00D o U 0 o A0 0 T
(ST S0 D T D ) ot o ot oo LD O 0000 00 00 00 7 S0 S0 S (S SN (SN SR et bt el et bttt o L LU 0 0L 00 000 0
e e e e e e e e el e e v e v e e e e el et e e e et o O U U O 0 0 U 0 0 U 0 0 g 0 o 0 ol ol

| 1E+00

) E-ot

 1E-02

| FIRE

T0I00oWLaT
(St Qo QU L0 0 P 0 D 0 P 0 P, 00 VSt 0 P U 0T 000 St 10 o U0 0T, 00T G50t 50 et ot 0 U 0L 00 0 0 o 00 00
T T 1) 50 ST 0T ) o oot oo ot QU L LU O QU U O OU TR PO R PO o DO EE DODE 200000 005
LR 10T 01 T 00 00 0 00 0 0 PO PO PO PO 140 DO PO TN T T [0 NI DD D0 R [ 0 [ o <f o = ok = o = o o oF = o o o ot

00 oW IMIDoouL aT
ATEN =t Q1) L) 0 P, 00 S0t 10 ) 0, 00 e O o L 00, 00 T St T L T, 00 0SSN 50 S0t et L L0 0 U 00U CL 0 0 o 0 00
(St et bttt ot et ot L L0 0 00 0 0 P 500 50 S0 S0 (DSt ettt sttt st L U1 0 0 01 0 01 000 0 00 0 00 0 0 0 0 0
b b b b w00 DL DL WL W W W o W0 0w W0 W AW 0L 10 WD AW DLW 1D

mi TIOIOO0WLET LoV [TT] TREe i [ ]
(5=t ) ot Q0D 10 L P 20000 00020 00020 000 00 VSR et 0 P T T, 000 T T T T CE S (S0t QLT o L 00 T, E0 0 50t E 1) o 0 P 0 St
10T T 500 00 00000 0 0 o o o o ot et o et ot et (00 0 00U U0 U 0L L1 [T 0 1) 1 0 00 1 1 ) o o
LTI e 0 0 00 0 0 D D T D e e e e e gD g0 00 0 0D 0

Sum1.89 Sum-(8+1). 269 PF11.42 PFB+11.62 Sumll 160011.804 Sum-0011l356 C01-1.685 Col-E'/.gg

2% Fermilab

I. Kourbanis- September 11 2015




Recycler losses vs injection number (2+6)
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Recycler losses vs Injection time (4+6)
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File Edit Tasks Tools Help
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Weekly NuMI performance

From [Wed Mar 25 07:00:00 CDT 2015] to [Wed Apr 01 07:00:00 CDT 2015] Logger=[RCYCL2, RCYCLR, ECOOL, NUMI, BCLK, MINJ2]
NuMI Performance -- Recycler Mode
R:BEAM versus Time

3 10000 1000000
E Mean=27.92 Mean=4.049
0 100004 RMS=1207 1000003 | gms=0 164
-k k d{{ Entries=3.478E5| 7 [Entries=2.436E6
N o ﬁmmkﬂm Fq 10000
gz Hﬂ g 1 RR Beam
= ° 10007
4 1]
b P 100
u g 1001
& 157 LE 1
N 109
z 10
L L 13
5
. . . 0 B 0
325 0000 0327 00:00 03/20 00:00 03/31 0000 RR R:BEAM [EL2] B:TORB0O
51 ] 1000000 1000000
[II 11kl 100 100 ] Mean=98.58 ] Mean=97194
30 L1incy I‘L” t nl 8 1000003 pws=0.385 1000005 | gms=0.341
il a Entries=3.437E5 [Entries=3.475E5
) i o Blos E l0000] me 1a0009 SEE RR and MI
a et el e 8
5 " [P g 5 10004 10004 . . R
1 9 Sfes - ff
: . efficiencies
= 154 ol &
I o Dred - 104 103
104 E u
.
o o dte ! 1
) I . I 5 Lo 50 92 o4 9% 98 100 90 [ 84 9 98 100
3250000 03270000 03290000 03/310000 Effic: TORS05/SE3853 Effic: TRTGTD/TOR905

Power on target vs. time

500 L 10000
% = Mean=394.192

g k! il E| 10004
E‘WUH IFHX.'HW(% +H' % ﬂ—%%%f%*wﬂmHHHﬁ H’}W}f +-oe§
H o
v
2 3001 Los 8| 1007 Bea“l POWGI‘
[
P g 10
§ w01 hos g
5 i
: Loz £ 1
& 1001 i

Wl = - N s L o8 -

0 I ] ] } I I I i 100 200 300 400 500

250000 03/26 00:00 03727 00:00 03/26 0000 03/29 00:00 03/30 00:00 03/31 0000 0401 0000 Power on Target [kW]

Total protons on target during this period: 1.077E19

This image ¢an be found as http:¥mccrory.fnal.gov/performance/2015/RR-Week/RRSummary_2015-04.01_07.00.pn
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RR Collimator Schematic
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